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Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor substrate formed of a high-performance GaN based 
compound semiconductor which exhibits few crystal defects and distortions, a stable crystal quality, and can be 
manufactured with ease and with high yield. SOLUTION: This semiconductor substrate is formed by stacking a 
mask 1 3 for selective growth on which circular pattern holes are disposed periodically on a crystal layer which 
turns into a selective growth causing layer 12 layered on the surface of a single-crystal substrate 11, and by 
selectively growing a GaN based compound semiconductor layer 15 through the circular pattern holes for 
selective growth. COPYRIGHT: (C) 1 999, JPO 
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[ ff*JS l ] *ttASK&iB±fc: . h h . 
±JC, PIJ&J*?— WrZ&Wi M&ttzWLvB. $ ixT V ^ & StR 
?-y<7>*£iI LT . G a N^£ft¥*tM#llftj£ 

tixm. mftii . awwE«-r a g a n ^ftswsgtt 

1^(11-20) *[6](C?fi^T-?-0-ja*<ffi?iJ§^T 

i m 3 ] it^js i t tz um%m 2 ie®<wiE#2 

G a N^£«##fls»a»4>$r& Z. k S: IMS I: 

Km®.. 

[ r&b 5 3 if 3 im<o¥mftm®±iz . ^ < 

k t 1 OCT) p - n G a N^fc-^^ffrmJl 

k-tztmitm.x?. 

[0001] 

mm*t>mf&.zti& i m#mm. axx/. dvdh, c 

[00023 

[«S#<7)&fl53 ft*. tfeOLEDIl ft&$>&&0)L 
E D teJt^THtttf/hS < mm<UzM£tf& -> j£ 
I nA I GaNM^¥i«^5:SGaNM 

ffiffitacT) P **# e>tifcz,kiz&.*)^ immn 

[ 0 0 0 3 1 02 4iZ$M r Japanese Journal of Appl 
ied Physics vol. 34 (1995) p.L1332~L1335j IZnkZtl 

<LED)<O»rM0T-£>&. 

[00 043 02 4OLEDf;L -»f7r^r(A 1 2 0 3 
4£A)ft*<>3r* 1 0 0-3 0 0^mf0itl 0 l±t,Z 
nS<^G a N^i>t^4ffiSA' 7 7 r 1 1 0 2 i: > n 
SOGaNJf 1 0 3k. JVY—?<?> \ n,Ga (1 .,) N 

(0<y<l)^k**^^vSttiil04k. pIAI, 



Ga (1 . x) N (0<x<l)%k'frt>%&/V)Tmi 0 5 
k. pW.GaW%kfrt>tch*W7miQ>(>kt>K3i 
«Mfe«flflC5MBl««ffi(J3lT, MO C VDffik ^3 Hc«k 

[ 0 0 0 5 3 <£ LT. i^OflWSitfc^flcfllOHW* 1 
X >y f-V^ic J: 0 SflTBiB Lit. n SG a N m 1 0 

3±tc nfiom^i 08immzti. ttz. *xvrm 

10 6±C, pfflimSl 0 7#^j£$*U Itltiot 
LED*^^$tT.TV^. 

[00063 02 5(4, JM r Japanese Journal 

of Applied Physics vol. 35(19%) p.L74~L76j (Ctk 
ZtlX^&XoKtiimS&tm^-* *-K(LD)0 

mmmx-hz. 

[0007 3 I2 50LD(1 02 40LE D k |h]« 
fc. t7r^(7(A 1 2 0 3 iji*£ I fI,) 1 0 0-3 0 

0/im<9S«l 2 2±CU nScOGaN^ri:*^^^® 
S^77rll2 1t, nMOG a A - y 

7rJI120k. nil n y Ga (1 . y) N®1 1 9k. n 
McOA l.Gaii-oN (0<x<l)1118t. nl 
GaNJIl 1 7 k. yy^—ycO I nGaN MQW^r 
Xfrtttffltmi 1 6k. pIA l 2 Ga (1 . z) N (0 
<z<l)1115i, pMGaNJll 14k. pIA 

l u Ga (1 . u) N (0<u<l)ll 1 3k. pIGaN 

mtckfrhtc&^wrmi 1 2k*-', mocvdsc 
[00083 zlx. zcommztitz^mftmz u -v is 

mz\*7jzty^y7i-&zkl l zJ:'>X. ftmWl$&k& 

mtHLtc:m^<-yyrmi 20±(Cn{||«figl 2 3« 
flfcSft., df-r-yr®l 1 2±fcp0tttffil 1 1** 

[00093 *^. G a N^£ft¥#ft<0l£A 

^$*rCV>&CS;jtR 'Jpn. J. Appl. Phys.j Vol.36 (19 
97) PP.L899-L902). 

[0010302 eumiR&L&m^xr^f-yzvk 

•tMX'$>*). B27(a)M(e)ll 02 6cOVX^yN' 

2 7(a)7b^(e){402 6cOA-A' UlCtJttSBrffi-C 

[00 1 11 02 7£r#KH-&k. 02 7(a)<O 

r 4 TS« 1 5 1 ±£»£Jf k LTG a N 
?flil 5 2£»JIU <XV^T'. 02 7(b)<7)IgT'^ 
^ill5 2±t. 7jumt •y^-X'l-4Mm«m(OXh^ 
47rtf-ytmWzS i Oj^/b^r-SStR^ffl-ex 
7 153*&fctZ>. ZWAbyJ T^^-yitGaN 

mmi 5 2<r> <i 1-20) arr<dfc:»-5T#jjtS*i* 

(02 6$r#»S). -c-Of^ 02 7(c), (d). (e)OT 
ST\ S^«k^f6j<7)^T^7>y^<7)4ffiv^GaN 
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KrSMtRj&KU ZV>m. { 1 - 1 0 1 > ffi**mbti. •? 
X?l 5 3±£^n6KCf&K-ri>(l22 7(c)h 

ttefttm 2 7(d». xmizm 1 5 6 0 . *& 

(C«4¥*i&( 0 0 0 1 )® £±®£ -f 4 G a NJ&feP B Jf 1 
5 5*^X^-ifeS^^Sii|,(|12 7(e)). Cl<7)^ 

^It^^. ^^JltlnGaN MQW£*S14 

mt-r&LEDZimt&t . LEDoaiii^ H B H 

^fog^Jgtt. 1 c m- 4.1 fc#»ret 
3KtiJ^t>^3fg^oTV^I.(^:lR 'Record of 
the 16th Electronic Materials Symposium, Minoo, J 
uly 9-11, 1997p. 291-292). 

[00 1 2] *fc % a2 8(i#ra¥8-3 1 6 57 1^- 
tc^$<i-C^&**«cl^-1f-<0l«HBI'C*4. 02 8 
<7>¥«f*:U— M g A 1 2 0 4 2yg 6 0 _hl£flt JBfii 

jt6 nffiMLXZti* mmmm6 i±tp®im®6 

2 , n 3 A*0j£$ixT . mm^^-f-) t 

LXBtfLZtlX^Z. 

[00 1 3] zzx\ z^ytm^co^tummmii. m 
sa i 2 o i mwieo(^^mm6 0 2tmmmme \ <r> 

M6 0 1ti. MgAl 2 O 4 iS6 0^W:^m 
ZtlZ£iXBl$.ZtlX^i&. -f^h-h. MgAl 2 0 4 
36«6O*ttfflf*i4:fc:J:0, ®tb^miz£$>yt& 

[0014] $M 'Applied Physics Letter Vo 

1.61 (1992) p.2688j fcli, GaNlK5:fS«a» 
#*g3g§ilT^4. i^t^-CJi, ^T'fTiti 
fc, Z nO&Ay 7r®tcLTGaNHJ^$rfiSJKL. 3E 

r >r 7is*^G a urnm-ftM txmmzimt 4 x 

olzLX^h. 
[00 153 

y r mcD&ffi*?. miR^.mz j:§GaN wm<r>wmm 

lz J; •) , V7 7 -f TWcommmfc-t^MMcVG a 
[0 0 16] L^L&rfP*^ ta!*cO<5^N'-y7r®c7)S 

iSGaN mn&vimmiizte v 

?6±^4fc^pf8igte#^&£ixTV^V'>. ifc, m 
IRj&K?)-?*?^ TifcGaN^fr^j¥#ftc7) < 1 1 
-2 0> ^Ci&otXh7'frA7-^MtS* 
^J>|}. ^h5^r<30^T(6]*^ < 1 1 -2 0> 



4G aNiiec(i#< <0ttA*M*q»A3ivC L4 

[001714*. i*OG a N ^-f fc-^a^^f* ^Bffl 

fc*>. fflgt G a Nlft^ift^^MMf L 

5£®OJg)££fi!ite<7)A 1 G a A s ^<7)1^- ifO i 3 
^# Hft-t'ff * d i i: rfmmX'fr 4 . 
[0018] PUtif. r 4 TlimmtfM^titb. 

4£. "r-^-mzBf&Zti&Kt'. -eo^rt 
14, Tfftt. SlSttttjfo^-Hr-Clisarv^ m 

[00 19] ^^8-3 1 6 5 7 1 

<lTV^MgAl 2 0 4 »KT«, ^&BBC«t4LDft« 
HffiWBli&m&b LX^&W. aSfikGaN»ft^ 

[ 0 0 2 0 ] ifc, ^*OG a N^fb^tk¥«f4cf&M£X 
=&miiZBtfLZtl& Z t IZ% *) . &#<7)A IGaAsI 

[ 0 0 2 1 ] i/t^wraH^JISfcf *fe«>tc*yK 

$ttfc^. -t^h-h. y-7TjTmm±.i,zs<>y7Tm 

ZnOSrJfcSIU -e<0±tCGaNffJK^«§-»i:. Zn 

ttM<ommmzw\Mtfhitz. ztm, 

CO^^G a NmfcZ'&ZtzMzli. ZnOA 7 7rl« 

mzZ'XmvxtizmK-r&zttexzzc^tb. x- y ^- 

4Cli:^ffili-C'^>4^T'J)-g). 4?t. Z<Dtz*b. 7<ffi 

m<vm&im?hzt\mmx'b^fz. 

[0022] ±^C0 i 3 ^ta!*c7)G a N^-ffc 

SSmg^SJ^TW 0 ^BSr=5riS1±fg<7)G a N^fk^Hi 

zmm-r&zt£BW)tLx^&. 

[0023] 
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W*JSl!E®<WJ3{±. #*£Aa8iSifflJi£> 
b &&i&AJl±fc „ RJE^? - y^^fiUWWCBiBS 

^«*^^$^-C^$itTV^C:i:$:^1Si: LX 
[0024]S^, 11*31 2 ISttOftffltt . IS^ 1 ie 

ft-rs g a NSMt-swimwwitf) < i i - 2 0 > -fimz 

[0025]^. »*«3lEmo^{±. Dl«« 1 4 
fcttSWBB 2 f S$?>¥2gttg«i*> G a N 
WMtfftMZti* ttMZiUz G a NaWk&to^BfWia* 

[ 0 0 2 6 1 *fe . it*JS4 imowmi. m&m 1 7b 

t£< b 1> 1 - nfg-££-£t*G a N&fc^tt^NI* 

[ 0 0 2 7 ] 4fc. »^5lBtt«>*DJU:. »*3S3l£ 
$J<0¥^ftS«±£. ^< ttlo^p- n 
tf G a NJWfc^lijiNiftcKJBflBfijWejSSit-Cfe 0 „ i£ 

mt Lxmmt h z. t z^mt lx\^ . 

[00 28] 

imi<o9m<mmi jut. *«w<^iJBB«*Biiafc: 

JW^WitS . H l tt#»5ifc:«* 
1 (OHMBBJfflifcij^TffiEL E2{iHltfOA-A' UK: 
i5lt£»rffiHe£>.g>. itz. H3, H4(2. HI. H2 

m^mm. mmmxb&. &tz. H5, H6(id3, 

04c7)*t^£K±(c;G a NM&AJlfci&AJ&ftStf 
THl, m2<r>ttBZB&-t (G a. N&feil, 
J1^&Aj£JI»T'^»£<0¥WH. K1BH-C**. 
[00 29]Hl. H2, 03, H4 . H5, H6£# 
mti b , 03 , H4 fcjjSf «t o 

t7r-(7, GaAs^com^aS^l 1«-±I 

tl. Z<7tt&M(#3t8iM)12±.iz* S«Iffl?X^ 
1 3tfBf&ZtlX^&. 

[oo3oi^it. isw«fflvx? 1 3tti. mm 

W££X/C(0 l H26 c^m:iite^#£)BES£ix£R 
j^-?? -y<r>fc 1 4 a*&f&£.Jf 1 2 co^ffits-S) 4 -en 

itfcivcv**. SIMfiUUB^X? 1 3ti. 7U4£jIL 
T&f&^&i 1 2 comMzQ&tmz G a N *£AJitf>t£A 

[00 3 1] ^Oi^LTjSifayiffl^X? 1 3£Jg 



<oft 1 4 lc J: 0 ISiii t l 2 <n$mtrh G a N 
3MM»MHI*1 5£»ftift«S-li\ SliRj&ftfflvx? 
1 3 SrS^Oi d 1 3 ±T'G a N 

3?jSAJflv.x?&«fti&X/t\ Hi. H2tC7jr$\J:o& 

ti**mfcW6LbLX^b. 

[0032] c\<r>^&mfa<n>m*.<F>mmt. 

mix? l 3^^A7-yfr\ MfflK(c^'C(M 
ifcfflfrNKfc) EHS ftfcRJfr' - y fc T ^ & Z 
b(,zb&. &*3. Hl~H6^JT'{±. W^-y^ 

SL^GaNM^i^l 1 5«0 < 1 1 - 2 0 > * 

[0033] sMfRj&nfflvx? 1 3<w-y&nmiz 

~thZ.bX\ 05, 06fclijrf <k ofc. fifcftlftJfflc^G a 
NaMfc&«¥#H*IA 1 5<7)MS:600 {1-10 
1} &{fflHi:-r^^ii^ r r'i>-t*^^i: : 5r^« * 
tz. ISWSffl-?^^ 1 3 W\7 - yrfH&X'h hz.t 

<niiftZTm&&<F>m^mzi$fr*th^tf%<% 
T®&iktnij&mmzim j £?i,zmm£mt l zB<o 

[0 0 34] Cl^ B B B l 5^$^m^$-li:?»i:. H 

1 , H 2 izifct i d . ««rr •!» G a N 3Rft^ft#aM*c 
tSA 1 5 P3±rt*£fc L . BBTT * G a NJWfc-^WNIfls 
ISA 1 5SSAHO??| 1 6^'ffi4 0 , W5r( 0 00 1)1 
*±ISi:-r**BAI«l 5tc*4. i<^IS. #f& B JTC' 
ti. j^>-t6o/ittA3& 4 fe<0«ftt!'**ii:i:. 

S^fflT15(ir«$£7)^^o^G aNM^WM 
MAB1 5*%ft-TI». 

[ 0 0 3 5 ] l^^^ G a N^b^^^A 

1 5**tt«4Ji 1 2b¥k$h<r)\tYW^9-y<n'K 1 4 
<^&#<0*T'&&tf>T\ HI. H2£fcwC. a^Wt: 
G a N^£4fc¥*fMLt£AJB 1 5 oMUim 
v^fct, S«l 1 1 60^5S^ScHtc«J: SS^*^ 

mztx. mm-r&G a n^l^i^^a i 5 5 

[0036] 3r*K GaNM^*t^«£l 5 k Lt 
ii, mitt. n,A l,Ga (1 - s .„N(0Sx 

g 1 , O^ySl, x + y^ l)T'fl§*U>lIIJBM$] 

[0037] <Xl^ H 1 ~M1 6 C0*«^ffi«c7)#^l^ 

z.<7)ftmjmmx-ii, ^mwm^btx 

<t>24>1-, J¥$3 0 0>umc7)(0 0 0 Da-f^r^T 
S«l 1±C iW?JSA^)««*JBi:tTOGaNJBl 

2, Mt>?^fflVX^i:LT<7)S i 0,11 3. n-G 
aNJMSAJBl 5*IB»:fc:»jS-f&J:afc*o'Cv^. 
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ZZX\ SMIffl7X?tLt<?)S i 0 2 Jf 1 3lZ 
(4. ES3/im<7)R^^-yc7)5tl 4#. 7 mhiW 

y0^14S:iiLT. GaNfl2^MK. n-G 
aNWBilS^IMI?^ J?$2 0 0/xmc7)G 
a N#£AJI£&Jfrt- & i d (c LX^h . 
[00 381 Mfomz. 0 r >f T 

SSI 10(000 l)ffi±(C:. GaNll 2£<?H;c(4*M 
OCVDSWoT l^mOMiftcm/lL^. G 
aNll 2±tzmto&MM-?*? 1 3£i#«U 
f£, IMftfflvx^ l 3izR&^?-y<7)Kl 4 
^-^y^LT^L, CLO^:i4£7)^tCioV'>TGa 
N/ll 2<7)*E£^£iJ£-ti:l>. ^OgpgT-^SSO^® 
(4. S3, 04O4 3 (:£!>. ^O^SX^K' 
(4. SliRj&llffl-?*:? 1 3<7>*mi: LT. S i 0 2 £«l 

J; 0 7 At m b' -x f-T-tg^tie^iJ Lfcfig 3 v mOFW 

[0039] ifcwc. PW*? — y*>K l 4<0gfcfrC:*> 
WtSiaiLT^SGaNJf 1 2<0iW^n-GaN* 
eftJil5*aHW»3-frS. n-GaNJMSfl«15 
^^ B B B fi£^J«OSI®T'C0*S^®{± . 0 5 , 0 6 tf> 

[0040] $^tn-GaN#iig H B H ® 1 

it. HI. H2tc^-TJ:a^cGaN#iiSSill 5ffiJM 

[0 04 13 **5. n-GaN#(BSil5(7)lgMfi 
(4. HVPETtf*V\ SiCl 4 JnIOb-ty/ 
tTfflV^dttCt^T. n-GaN#SS^Jll 
5 t LT, nSGaNSr2 0 0/imc7)^tiiS H B H^S 

[0042] 07-01 2.\tm\^me<r)*mms®.<7) 
$mm*^-mx'hz>. 07. 08(4. 01 , 0 

2fcM-*i**i*M6U 09, 01 0(403, 04 

IZZixZtlttmL , 011. 01 2(405. 06 

(e*ii-eix*toELT^.i>. 

[004 3] 07-01 20<?!K>. S:fctfKc:f4. 01 — 
m6bn®.<r)ffi&Lt%-oX^&-hK 07-01 2cD#J-C 
(4. W%£Ml 2<r>M®bLX. GaNc7)*^0C A 

i n£jbvy?vi&. zcvm-s. 07-01 2comx'ii. 

nGaNM^W^ftll5<7)<l 1-20)*|4] 
izfebittz i O t x & . 

[ 0 0 4 4 ] mz. 07-0 1 2c0*z£{*:ffl£<0ft^I 

umzwmth. znimxmmxu. mm&mmtL 

X4>2AV&, J5$3 0 0;umC9(0 0 0 DB^r^ 
TfflRl l_tfc. ilflM^^tJSi LT<0A l NJf 
1 2. StRfi£ftfflVX^i:LTc7)Si0 2 Jil 3. n- 



GaNfgMl 5 J: die SroT^ 

-l-IT. mtR^m^x^ t LTOS i 0 2 /ll 3 
(C(4. 7jwmOe«yf-CW«(ClEa$it^iS@3^m 
OR^\7-y<?)5\: l 4frlfi(T4>itfci<?)£fflvvc^ 
6. <?-<9KM(4. 3IKjK«-t&GaN«tSAJ|l 
5 co <1 1 - 2 0) iotcR^^-yoft 
1 4 Ofg^IESO-fflfrM $ it X 0 . - COR®; n*^ 
-ycopXl 4£iILT. A 1 N® 1 2<9flflSa>4>. n- 
GaN#SSS:SS^«$-fr. GaNJ*ttfl*l 5£# 

[0 04 5]lfrWC> *2-f>'tfl)t7r'f7 
SSI 1(7>(00 0 1)H±C:. A 1 NJg 1 2 SrfyUJfM 
OCVDS(Cj;^-r7 0 O'GCO . 1 //nKOJUKc^JI 
U ftfc. A1N11 2±fcjgfRj&Sffl-?.X? 13** 

X&fcL. Z<Dftl 4COgP^i5V>TA 1 NJf 1 2<Dg| 
® iOSPgT'Offi«[co*t«(4. 09. 0 

1 0cOj;o^^». fcfc. ;«f«Ig«?li. MiRiS. 
ftJ8Wl30imkLt. Si0 2 £t£«U R^ 
W->b LT(4. 7tb'JV/'77^-tAlNll 
2<7) < 1 1 -20) ^MCftoTfertttCTjumtfy*- 
TEH Lfcfig 3 /z mcr>Pi&^? - ^ Srttffl Lfc . 
[ 0 0 4 6 ] &ivt\ Pi1fr*f->0XK 1 4<7)gB#(Ci3 
V^TISaitTV^A 1 N® 1 2CO*®7&^n-GaN# 
tSA« 1 5 fcHtRlSftS-lt-ft . n - G a NmSS B B B ® 1 5 

<nm&imm&<?>fmx'<7)Wfc<?>im!,*. 011. 01 

2coiatc^rS. 

[0047] S4>fcln-GaN#ISjyil 5*lS*La 
{tftifctCioT. S^*fflV^.^ 1 3 
it. 07 . 08 (C^-T i ^jrGa NJHIfiAII 1 5 
$itl>„ 

[0048]^. n-GaN#^ B B B JIl 5<mtiti8&k 
(4. HVPEX1t^\ SiCU^nl^K-t^ 
ifXt LXm^&ZblZXiX. n-GaNJWSaflll 
5tLX. nmGaNZ200umcr>fimizmil i f8.MZ 

[ 0 0 4 9 ] 0 1 3lt*milZ&htmft&fc<?>&2CD 

mtmm^Tjk-t^mm. 014(401 3<da-a' mz 

&W&mmffl$>&,> £tl. 015. 01 6(4. 013. 
014fc*5Wt. GaN&MttS&mtiW&Ztl&mCOVl 
®OSS<O¥ffl0. MffiMX'frh. £tz, 017, 01 
8(40 1 5 , 016 coVmomS.l.tZG a N^#^ B B a * 
£*£ B B BJ&fl£-<2:T0 13, 014 co^flSSr^-rs^ 
SPg( G a N^^ailO^BlfigS^) T'OSSOT® 
0. BrS0T'S>l>. 01 3—01 8<7)flaj*>. S^(3 
(4. 01-06. £>£V^f407~01 2tmm<7)ffifcb 
tc^X^htfi. 01 3— 01 8c7)^K'(4. f^*>. c: 

com2<?>mtimmx'ii. 015, 01 6(c^-rj:d(w. 

m&&m-?Xi? 1 3(c(4. SMSfSGaN^ 

!Rj^«s®c0 < 1 1 - 2 0 > -xmzfe^xzco-wfim 
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4jWB»tWvO*&. *LX. HI 7, 018^-fJ: 

M 1 2 OH®*»4> G a N^b-^^f*: 1 5 Sr&Al&K: 
Stf. >SiRj&Kffl-?x? l 3 £S#>jiOJ: dtolliRjft^ 
1 3±T'GaN^fcllf«#ttl 5 £«S:frl*]£ 
-£T . fSJRWfcaSW&JWfl-?.* 9 T\ 

013, 014 K^rTi o 3r-&0*i&AG a N^-fL-^ 

%^«siii 5*«*u ztt^^mw&mt LX^ 

[00 50] £33. GaNM^ft^ftl 5 i: L"C 

14. ffl;lti\ HR**«I n.AUGao.,.,) N(0gx 
SI. O^y^l, x + y^l)X'$kZtihUimmit<fa 

C005H :^*s«w^saii 3HRj£ft 

m-?*9 1 3 OFW 1 ?? ->t>K GaNM^i* 

i5o(ii-2o> *r6i^oT-eo-ai^i2?ij$^. 
x^t jEE-ftmnzmfiLizmmzux^z ztizhz. 

017, 018 t*rf <fc 3 fc . I^ItOiOG a N»<fc£ 

m^mm^B 1 6o« n-ion j« 

? 1 3(rmm^9-Vlfi. GaN^-ft^^f*:«l 5 
0<1 l-20> :frftfc&oT-eo-ffl#I£?iJ$ix-0'> 
£IEHft^O#]f££ffig$ftT^I>^K<fcoT. ^ 
G a N^k-^^ffcil&A 1 5 OA:ftiiOIi;2l4 
SV^Tff^&O. ^O^o*:A:ftf§^#cOGaN& 
ft^^&tt&A 1 5 ZWfc-miZ&fct h Z t #T'# 

[00 52] .lOi&Al 5£$£>Kj&H$-£l>i:. 01 
3,014 iZyrcf «k d I^S-f-^ G a Nifctt^D^zg 

ffcgAi 5ii)±a*£-ttu ssAiaoim 6*w^ ¥ 
*b&<ooo lmziMt-i-zmrngBmi stc* i 

OH. **b^CI4. ^0*^£iSSAa>£>0)&l|-e£>l> 

i t i: . Kftmnmntfm ^cwc* •§> £ t t ± o , 

S«£!iJ?J?$tf>*6-3fcG a N^£ft¥*fML£A 
ill 5jMS#*-*. 

[ 0 0 5 3 ] Z fc . ^tg-TI. G a N^£fe¥&ft£ft 

1 5#&$&yi 1 2 tm-r&MmB'tf-ynK 1 4 

OSB#0^-C£>&0-<:\ 01 3, 014£i5WC. S*l 
«(C»4><t4GaN»fl:^HjimWMI«ft*l 50JIS 
AW, miSA^l 1 fca»yn»Bfl%il(cJ: 

&£*A*fgftSi"U R^&GaN^£4tti £ *ttf&A 
1 50?7y?0&££fflJ$iJ-C£&. 

1 0 0 5 4 ] *ic, 0 1 3-0 1 8<7)*mftmfc<vim 

ISWSrRW*. i<Oft«X80rCtt. #&A£4KJ: 
L-C02^y^. J5$3 00jumO<00 0 l)It7r 

4 rsm i±ic, mm^^m^mt ltoa i n 

ill 2. MtR$.£:f8~?Z>9 b LTOS i 0 2 J1 1 3. n 
-GaNJMSAl 5£mmz&tftf-Z>J:oiz%iX^ 



h. c\ZX\ jMiRjfcUfflvx? b LTOS i 0 2 J1 1 3 
-52** A 1 NO < 1 1 - 2 0 > ^■IfiJ^oT 7 u 
mt7 ^-C'E^iJ $ ftT V * £ jEHft JgOS-Hjiifcltg 3 m 

0. f«A7-^145rIU. A 1 Nil 12 
oa®A>£>. n-GaN#&A£3ItRJ&fl£-tf\ GaN 
m&Aill 5iB&tiXotzLX^i. 
[00 5 5] m^WC ^"T. *2-fyf-<0-9-7r-fr 
mmi l^(0 0 0 1)I±t:, A 1 NJB1 2£#UffM 
OCVDatiot, 7 0 0rt0. l/xmOStJPfcm 
€ Ltz. <Xlz, AlNil 2±.izm$if&g : m-?x9 1 3 
£«t»U *OflL SMlfflvx? l 3Hz\m^9- 
Wfll 4*>*9-->9'LXB&LL. -TOft^OgB 
#C*ttvCA 1 NJ11 20^B£S£fc$-£-g>, .loapg 
-eo»t£Ott?g{4. 015. 01 6<7)£olZ%2>. =5r 

ZCOftmxmWX'ii. IMIf?^? 1 3«W4 
ttT. S i0 2 £t£»U RB^9->bLXte. - 
ffl^A 1 NO < 1 1-20) 2r(6UC#HT7//mt , -yf- 
t'KJiJ^ixT V^jEHH^O#]I^7 ^- h U 7 

mttz. 

[00 5 6 ] ^X\ RBJ*9-y<Oftl 40g|5^*3 
WC^aiLT^&A 1 Nil 2^I*^n-GaN# 
^Aill 5£2!**J&g£-e-S>. n-GaNmifeA«15 

017. 01 

[00 5 7] S4>fcn-GaN#*SA*l 5£j*ftUffi 
ft*ifcfc:J:r>T» IMSfflvx? l 3#«#>S ! £ 
ix.013. 014(C^J:d=3:GaN#*SAill 5*i 

[0058] n -G a Nm^Ail 1 5«SM« 

(4. HVPETtfSrW S i C 1 , $■ nKOK-ty/ 
^tLtfflV^It^i^T^ n-GaNffe B B il 
5 i; LT. niGaNJ200jtim«CMM5§ 

[0059]^, ±^O#fi?lJ(01~06O^J, 07 
-01 2cr>m, 013-01 80M)T11 m&kMl 
20^i:LT. GaNJiS^liAlN^ffiV^, Ifc 

mimi 2<^mmzti^izm^ti^\ mm. z 

[0 06 0] JiiiO#0IJ(01~06O0IJ, 07 

—01 2 OCT, 01 3—01 80CT)T'(4. ¥\B>^9- 

v<niK\ 4imwhtitzm^m-?*9 1 3£&aj! 

Vtt&t&M) 1 2$r^-LrmieAS«l l±tc»«tfc 

aaiwtftffl^^ 1 3»j)ittASfi[i i iizmm 

m-hz\t%>x%h. ^Oi^-. R^^-y05"vl4 
^4>SffiL^J)USA£fil lcoiffii^GaNM^H 
A 1 5 »tSAAH$ - & . Z tz . 

-Oi§^. 1JRM?X?13I1 ^vl4$rjiLT# 
^AS« 1 1 Kf&feWlCG a N^JSAOlSAfiic^J^ t 
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tflfto*6$*«>6(J|li. 07-01 2O0«, 0 
13-018 CD#J<0 i ? iZ % Sm&^i- & G a Nifc-fbg- 
$l¥«f«ltf> < l l - 2 0 > XmzFlB'tf-y 14(7) 

!fe)¥&#Jl£: cox h-? * ^-v /Hftft*m«)BJ«**«r 

m&m<D<l l-20>lTfol,Z-t*>t&Zb1) i X'Z&. 
[006 1] GaN^-fb1^)¥#ttl 5b LX 
it. Witf. n,A lyGad-.-y, N(0^x 

SI. O^y^l, x + y£l)X'$kZtl&\UWmiffll 

[0062] ^c7) i a fc % jMiRj&KfflVX:? 1 3 
N^b^WN^ttgiA 1 6OC0 < 1 - 1 0 

ycoJ: d iz^-ycoU^Tim^nmumz^h 
0 » TUMSftfc co;frftl^;:<£#-tfHr 
lzmm£MlzB<r>*?> ofcttfi 1 5 fclRfi-t* £ 

. BWW* G a N jMb^¥&ft£A 1 5 H±#£flc 
L . BHfct* G a N2Mfc£ft¥$ttttA 1 5 tfiMBofB 

vrnt o s (oooi m&imt tJ*fe H B i i 

hhzbb. -rArssf-ytffflmmz&AsZ'nmzti 
x^&zbiz**). mRgmvimw* w^Ga 
Nawt£wm»*JW&iui i 5 * * -r t 

4. 07-01 2«DBL Hi 3-il8^|^{:t 
6 G a NXft^HMNWHtA 1 5 tfJUIS A£« lit* 

J*$jWlv**£fc:fc. SMI lfc^JKWISfiKRStcJ:* 
SanSflBftSfU ^-TSGaN^-fb^^^Al 

[0 0 6 3] ttz. ±ifc?)#0iJ(01-06O0iJ, 07 

-01 2com, 01 3-01 so^jco^^s^. 
B&Lximztititmftmmiz&^x. GaNM 

:/-t6.rkiWe£>9, GaNJMb^-H^lfWSAl 

5izmfe<?m^<7>*Mmt:F-*:y7-r&zbx\ m 
vmzmw* z t vx* , msomsvtftes-ir-r & g 

[0064] HI. 02, 2*r(A, 07. 08, 
*fc»4. 013, Hi 4V>£olzimZtitz i tmfo& 

«l h&w*. mtRm.mm-?x7 1 3^#^ h b bS«i 1 



*mfrmR(ii. 12, 13, isjwvwii, 

13. 15)HGa NmteWmtk (*£A)Jf 1 5 
U G a N^-fb-^)^^ 0M£A)J1 1 5 *fft*> 

[0065] H 1 9fA<l£9j: dtC LT^Sf$il^:GaN 

mmX'fo&. ttz. 02OJA01 90A-A' tcfc(tl) 

[0066] ttz. 02 1(a), (b), (c)liil 

9,020 v>¥mftmffi. 1 5 cDfegmiffl£Scr0T& 

6. 02 1(a), (b). (c)(T>mX'lt. Gaumt&m 

m$fa<mn l mg.i sia. ^j^tf, 07, 08<7>j:aic 

«^f««(ll, 12, 13, 15)KG 
a Nm^AS 1 5 £#8rr& i t iz X o-Cf£§?S*l!> . 
[ 0 0 6 7 ] 02 1 i: . d^iT'JA, 

®t=5r«.A 1 Nill 2*<mil$il^-9-7T-f r*«l 1 
±KS i 0 2 JSM5ffl-7X^ 1 3i It, GaNl 

&&&ZithZ.b£.* 0, Wilf, 07, 08CD¥^# 
«^5rfm-r^(02 1(a)). »:v^', HF*j£ifcT'S 
i 0 2 ?X^ 1 3^Xyf-^^n8J*L-C2SIK4 
U ai NXyf-y^fK^^L^v^i 3 fc-fS (0 

2Kb)), L*»Sf*, 8 0'CCOKOH*?§?KT'A 1 N 
«1 2$rX-y^y^LT, GaN#i B a B 115 5:t7r 
-fTS^l 1 Si t^T# 4(02 1(c)). 

*f4c£l<j^{A, mUZbUy^, /*§2 0 0^mC0n- 
G a N#^ B S B 1 5 i: LT t#4>^ . 

[0068] G a N^fb^-lt^VWI 1 5 

^ B B B *^»^-|>I^, IDWIfflvX? 1 3<7)*m£x 

•yf-^^SLfetttC. 01—06OCT, 07—012 
<r>m, 01 3~018com'{A. ^^®1 2tGaN 

Jhfc$m s mwm 1 5 b<r>%m&%*^-v^y7-$h 

b. h&WZ, SiR^ffl^x^ l 3$-*^A*Kl 1 
±t=lSg^JSLrfm$n^^«cS«?"C1A, SMI 5 
cDflBi: G a N^-ft^^^f*:® 1 5 kco^ffigp^f-x 
vf-^-f&fc. x-yf-y^**AOii^-Tv^t\ 
G a N^E^NH^JB 1 5 0»K*«S»fcfT^i § . 

«ttASfil l$rx-y^->'i/^-t§^r^i : ** J nr 

mx-h z coum izm l x amzms. $ n h t, ox- 

<A=5:^. 

[0069] {! U Ga N^-fb-^^^SM*^ G a 
N^b^J^flsSr^lSWSOtcx vl-yfizX him 

zmm-t g a nmt^wmwmsi<rmmMi 
m?x?n9-ytfvmxhh<nx. w&bh\Amm 

-yizitK^ ^A7ttn&*'y j f-yrm£Lt:&<Dgm 
izx. y j-yrmtfA o a^-r < . ^^i/g a 

«c^®ge^-?r^Cx>y^^^t-4ii:7!)<-C'#S. i 
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[0070101, 112. 4£14. 07. 08. ttz 
14. 013, 01 4<VmftWfcfc&^T . $>&W4. 

a»Wt*ffl^^^ 1 3 i lifcuaBeasL 

tt(#J*A)ll 5#&?6£Jf 1 2 ft«VM24USAfi«l 
1 fc«-*-*<0«a»WtfU8^.*? 1 3flP»V-^ 
ftl 4 <9SWM>*T* h <T>X\ G a N aMfc^iH^KMfc* 
fe B B ll 5 jWPv &?S£J11 2£>!>^{4#fe!i 

0. ft-?T. 02 1 (c)c7)J:aCL.T^^<xl.GaN^ 
<(fc^¥#*<#ISft)JB 1 5 <0¥i£ffc»«y4. 2? 9 v 7 

<#&a) 1 1 5 <D*m#mfozn& z k #r 
[0071] z.<r> x o ft:. *mix'i£. mmRm-vx 

TV***>T, mM<7)±5£. GaN<7)<ll-20>3r 

frmmzit^ tXW-^GaN^Kl 1-2 
0 > &<Wlft: ± iW-iMSAlfifi^JMIiJ^* 

a NJRfl^WNMWB 1 5 Sr»tftTS * . 
[ 0 0 7 2 ] 4fc, aBWE*$«4^^-V#R»-C* 
%><7)X\ GaN^t^* i Nlf*K0a»4*12**V^i 
#M a B B £t 1 1 k W&MffiSttf'J^ < "T & - k **»Tt& 

S £ k 6 . 
[0 0 7 3] 013, 01 40GaN&fll-£*^ 
vH4. Skftl. «^J&llfflVX?l 3 k 
LT. aHRjftA-tSGaNiR-fll^WIMItfWH^) (11- 
2 0 > ^rtfc^T-Ha^WSft^ijEHftra*)* 

^m-hmz. m&th g a Nt£Aajfisn*>Aft$<?rt~ 

^T^iZbWWBtftSfir 0, Ga NtSAa-&fr*)IGSfc:JBj£ 

^ft&^offimtfisj-k&o. m&X'<7>fSL&m&i>m- 

fctflHtfcGaNJMSftJil 5 

[ o o 7 4 1 *fc . jBflWt*fflv^^ 1 3 z&m&mm 

1 1 ±fc:iI89E&ft3ftfcG a N$ft£4tl¥&fr&tKtt. 

xift?) J: 3 «cftt8 S tltz G a N 

$MK3*lfc» GaNM^iffMl 5H^lGa 



SMIfclJOir , i^G a N^te*^{MU6AfflSLL 
ftlJf^G a N5jMfc*«|imi****LT fc&BHMBR* 
ft: i «fRS»(c J: D?fc£-*- h 9 9 » , Ml 

[0075]^.Ga N3Mk*WWWW4^*"Cft 
StfrC. *&^K-t*y^J8flft:4 K ). f«m. 

[ 0 0 7 6 ] 02 2»4*fWBt=«R* i l s **«3l9lH^)fll 
jftW^TKtlSHBHT'* * . 0 2 2 *>2mW«l#*FHU 
0Uf£01 , 02. 4fcf4. 07, 08<o¥#tta«i5 
0(11, 12, 13, 1 5)±tC»jat«nfc^<kfc 
— OCOp - ng^JtOG a NSRflS^WIHifWWHflBa 

[ 0 0 7 7 ] i OJMfrWft^ £*>¥3»*»3K#Ptt. 09 
x.1407, H8fc*LfcJ:o&¥««fc»R5 0(l 1. 
12, 13, 1 5)±ftr^$ixTV^. -f%b*>. <t> 
2" , J?§3 0 0jitmO(0 0 0 1)S5^7r>fTS^l 

i±(c. a«w£*tf>K«4Jikfc^A i nsi 2. a 

!RlfcKffl^*?kLTtf>S i 0 2 -?X? 1 3 (A 1 NJil 
2<0<1 1 -20> jjfttz&o J:dftr5/xmt 0 yf--CtS 
^ftlffig$^lSS 2 um(OnB'*?-y$: tovx 
^ 1 3). m% 1 0j«m«n-GaNWl 5*^'^ 
§^i^#f*:S«?5 0±ft;. n-GaNJ15 5, n-A 
lGaN?77K156, AlGaN/InGaNif 
#F<tjtvStt/i5 7, P -AIGaN?77H158, 
P -GaN^77l59 *«)«<Xft:flWSil"C *5 0 . - 
<7)W.Mffl£t(0 — gCSrp — GaN^-v y7'M5 9(B!l* > ^>"9" 
7T-f7(000 1)IIllM*lfrot > n-GaNJl 

5 5<?M<p£xm;Lfz&mft<?>ffi&<?>i>(?>b Lxm 

7, 5 8, 5 9)im%& : ?bl>xmfcti>a#tZ: 

[00781 4^.02 i<n^m^mm^x\t. p - 

GaN^77"l5 9it:. pffl^-S 'V ^«fii6 OA* 
^$tT.. 43t. «aiUfcn-GaNB5 5«1B±ft:, 
n fflM-- S7?ti6 1 *IT V . 

[00791 02 2(7)^^4. fl?!li.tf»:oJ; oftit 
T#15!-r'l)^k* { 'C#'i». -T^*>. t7r^7 
^1 U^MOCVDTA 1 NJfl 2£«JIL. i^^ 
f. S i0 2 Sl 3 5rlt«LT. ZtlZ>*?-->7'L 
tz®. MOCVDftt. n-GaNmiSai 5. 

ttw&?&nmmm{'r%*>*>. n-GaNii5 5, 

n-AlGaN^77b'156, AlGaN/InGa 
Nfl^#FfiB£vS14B 5 7 , p-AlGaN^vHB 
58, p-GaN^r-v-yTJl 5 9)£P]— JISl^T'ji^ 

6 0, 6 1^^-TI>C:kT'^l«-C'#S. 
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[0080] zzx\ mvmmit. i&m#A£±tet^- 

4*:. pfflM--5«y?««6 0tt. Au/N 

-i7;iS6iit Ai/Ti^itu< 

t o o 8 i i zv>£ o %m&L<v*mfc$>ftm=f-x'ii. % 
ytm^w p m . n mm iznm l izmazws: ehjp l . 

[0 0 82] -ftch-h. ZCOftftm^Tii. P$bl— 5 
hk. AlGaN/InGaN M QWfiSteJf 5 7 fclg 
3K50 00. 5 0 0 1 i: LTJMUfciMJ 
[ 0 0 8 3 3 iflris » G a N JMttMII 

[0084] znxoiz. zi&pmftx&m* m 

1, H2 4fcl4H7. H8^)GaN^b^l^«5S« 

&<nte?^m£iz i s xm>mm&$Lgiiz ± i>^s^ 
tz#>. m$mrf&<. mfi«o&^¥mm=Ft:mmx'Z 

[008514*. 02 3li*fMBt«&imi*«3t» 

^rmnmmtt^mmxbh. h 2 3 
ytm^u. mum 13. 1 4 og aNi^wi* 

JMSAStt 1 5±(c»jftSJ*ifcil«flr< k *>-o<7)p - n 

^5r#tf g *N&ik-&fa¥mimmffim*b% 0 . s 

[0 086] iOftftWfc. I^^MSfli, 0 
19. 2 0<?)n-GaN#M B B B itl5l(:, n-Ga 
NS72, n-AlGaN?7'/K173, AlGaN 
/InGaN »^ #FWjfi$i§ttJl 7 4 , p - A 1 G a 
N?7-yKH75, p-GaN^f^yr®7 6* { WI<5i:tC 

7 6±ts i o z imm 7 nm&zti* z<7)$mm7 

7tp-GaNdf A"y7VI7 6flffil::jg-f &i|e5;u m<7) 



[0 087] 02 3O^tt?63fc^Peti. &8 
*7 7_L«, P (SI?r-5>y^«®7 8^itm$fLTSiai 
t^P-GaNdrA- y7°il7 6i:tiML. 
fig$r^LTV^. 4*:. n-GaN*fe B a i«15(?) 
XiB(C(*. nm*-$.-y7Wm7 9tfBf&Z1xX^Z>. 

[0088] 4^. -r <F>^wft±mi-<rrtt&msm 7 

00. 70 lli^UBKioT. K&l 5tcMt^l£(C 
#j£3*t, 4*. 7frtt8«5®7 0 0, 7 0 1(S5VHC¥ 

[0089] &i>. m2 3<V¥mftft%mi-lZt>^X . 
n-GaNJ172. n-A 1 GaN^77 KS7 3 , A 

1 GaN/ InGaN #FflBtJSttJi 7 4 . P - 
AlGaN?77 KJH 7 5 . p — GaN^f-v 'v~TM7 6 
{iMO C V Dj£fc «k -5 XfeikJ&MX'Z h . 

[00 90] 4*. pffl!l^--$>y^«IS78(i. Au/ 
Ni*X33!S*U SMMIUtJBJjtT**. 4fc, nfifl 
5T-5*y?Wi7 9(i, Al/Ti£*3SIM!fU StfQ: 

[0091] z-<ni. o Km&w^mvmxm^x'i*. % 
ffem^pm. nmmizttfcttzwmi.znffi.zmnL. 

P - n^tcmSKSraA-r ^ b X\ UT<0?Hfi-& 

[00921 . ^CO^^^tS^T'Ji. P {ffl 

^•-5 -y^m«S7 8. nffi!|5j--5 y^«|i7 9lCll^Sr 
EPJirri.i:. A 1 GaN/ I nGaN MQWftti7 
4tcmSE* s ^A$tl. i§te«7 4fc*iVvr^ J r'JT<7)S 
0:J:oTML« 3taJiWKB700. 701Wo 

l/-t!7 0 0 0, 700 1i:LT^Si5tcai^$fL&. 
[0093] ^rfc. ftltm? Zffiffrt&G a NSMk^Bf 
^<i:t-oc7)p-ng^Sr^r 

1 . c <7> P - n misizmsitf&A zti. Tcrmm 
[0094] zco^-mwftym^izii^xii. hi 3 , 

H 1 4£7>G a N5!Mk^flji|sj»#HSttE±fc:®JSS*tfeG a 

N^-ft^^«£8[«flBS*^^S. S^iffilcSm^ 

tGa N»^««^««raflfifi<0lfi?^B^(C J: 
«B^»B8BflWa6fc: J: &f»JI^^ 5 -y ^^<0XPf5. ~? 

tch-h. ftmm^^zjmmzmz^xm^imz 

mtiso&^mm^zw&x'Z h . 
[00951 4^. %&mmtfmmimtzmw.x\ m.? 
x—y-x'^mK^wmx'&znx'. t^coH^'fx 
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u— r-*M>«*teW:. ±ie5taistffi 

[ 0 0 9 6 ] $ fcfcG a N JMb£4tf^*fMUiJU£IK& 

[00971022. 02 3««ttt. 
»i» Bl. 02 4fcttH7. 08, 019, 2 0«¥i 
fM£R*fflv^Tff«$fLTV^4*«. 013, B14*>¥ 

wwwjb-*** 1 3*j|i*sjfc*«i litasaBjat 

# . Z<D$r£lZi> ,022. 02 3 W^mWfcfBBRTT 
» hti hMZkb &®<mMk*'& h Z.bifiX'% %> . 
[0098] 

[ m\<?m& ] clucks LtzXoiz^ msm 1 j^sm 
b^hm^m±iz. nm^-y<7)^mmmzmm^ 

ft 2.. 

[ 0 0 9 9 ] »£, »#*2iBaW>«9ifc: xttM. M$ 

j&w-yemt* m=?mzmmztix&'o. Kfttt, 

MS&l&tl G a NjMk&tot&M&D < 1 1 - 2 0 > 

iz&mztix^&<7)x\ ±MLtz£o%imitZimi.x. 
mmitzGaNm£m±tfefctz®ktz. Bt#*-*Ga 
N&&<nm®ttft%cr>-tKx<7)mmmmiz%*) . g 

0 . »»Ttf>J«*jat PI- k «roT , mtfMi -> 

[0 10014*:. a*S*3Ktt*«BJitcj:fUr. ±iB 
Ztltz. GaNIMfc^^flsJIl 5H^GaNl 

it-^^mwm^x'h h cnx\ ±MLt:£o*ttmy)Mk 

IZ11QZ.X. ZVGaN&ltiZWmmL&ikmtiLtlZ® 



gk&&Z?r%oZbWX'£Z>mRb% y ). $4>tc*±. ^ 
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